INTRODUCTION
Traditional marine towed-streamer seismic surveys acquire data along straight lines and then suspend acquisition as the vessel turns and runs into the next line. This straight-line acquisition typically requires the streamers to be aligned at the start and end of each line, involving a run in and out of the defined pre-plot area (often 1.0 to 1.5 times the streamer length). All of these factors combine to reduce the efficiency of conventional seismic acquisition. Shortening the lines and acquiring data during turns, brings distinct advantages. The first obvious advantage is efficiency; depending on the size and shape of the survey, efficiency may be increased by up to 100% when compared to conventional methods (see Figure 1) . Using this method, the vessel continues acquiring data until equipment maintenance or external factors such as weather prevent acquisition. In a more complex implementation where conditions require regular maintenance, such as barnacle cleaning, and where the line lengths and turn times were conducive to this, continuous acquisition could be used at one end of a survey and traditional vessel turns continued at the other.
The other advantages are less obvious, but relate to data quality and the ability to acquire data that would otherwise be out of reach due to shallow water or other obstacles. Firstly, surveys are often designed for efficiency to reduce the number of line changes so that the vessel sails along the longest length of a rectangular survey area. This may not be the optimum
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The most cost-effective way to acquire 3D seismic data offshore is by towed-streamer survey; the majority of these surveys are acquired using a vessel shooting a series of parallel straight lines to cover the survey area. When each line is completed, the vessel turns and starts the next line until the survey area is covered. Normally, data are not acquired during the turns due to difficulty in maintaining streamer lateral separation and the extra noise generated in the data. This means that, depending on the survey size and shape, there may be significant non-production time.
Advances in marine acquisition technology have made it possible to acquire usable data as the vessel turns, which increases productivity because there is little or no nonproductive time associated with line changes. Streamer steering systems allow spread shape to be maintained during line changes, and new streamer designs and processing schemes mean that noise no longer presents a barrier to utilising these data.
We present some background on this technique and discuss a recent survey in New Zealand. In this survey, the straight line sections were shortened and turn data were incorporated into the survey. This enabled data to be acquired in shallow water areas. In addition, the data were acquired using a fan shooting technique to improve coverage and a variable depth cable with a multilevel source to produce ghost-free data, and therefore extend the data bandwidth. These three streamer configurations were combined to efficiently acquire broadband data in a challenging area. direction for imaging the subsurface, however when we acquire data continuously, we are less constrained by the need to maximise the straight line sections. A second advantage occurs where obstructions or areas of shallow water exist. Rather than initiating a vessel turn some kilometres before an area of shallow water, we can modify the pre-plot lines to run parallel to water depth contours to acquire the maximum amount of data.
In the past, data acquired during line changes were deemed unusable due to the fact that streamer separation was not maintained and the turn data noise levels, caused by cross flow on the streamer, were unacceptable. Modern acquisition systems allow us to mitigate these effects in the following ways:

Streamer control systems allow us to maintain streamer separation throughout turns and steer the whole spread along (or close to) the pre-plot line.  Noise is reduced due to improved streamer construction including solid streamers.  Noise may be attenuated effectively using pointreceiver measurements combined with appropriate noise reduction workflows.
Another obstacle to using turn data is that, in the past, marine towed-streamer data were processed using many 2D assumptions. Because the streamers are curved, spatial sampling is along a series of arcs instead of straight lines and trace offset distances are not regularly spaced in the shot or midpoint domain. This results in apparent geometrical or moveout distortion in seismic reflections; therefore, processing algorithms that assume straight line sampling may need modification or true 3D processes substituted. Most modern noise attenuation and imaging processes are 3D and today, apart from the initial noise attenuation steps, largely conventional processing flows may be used for these data.
BACKGROUND AND DEVELOPEMNT
Although the concept of continuous acquisition is simple, the development of the technique took some time and is worth recounting. Circular, or coil, acquisition can be considered as an extreme case of 'shooting in turns' and the use of circular acquisition geometries for acquiring marine seismic data was first proposed by French (1984) (See also Durrani et al., 1987) . Originally used for shooting around salt domes, circular acquisition is also a cost-effective way to record multiazimuth or full-azimuth data using towed streamers.
In recent years, a number of coil surveys have been acquired in areas of complex geology, or where challenging imaging conditions exist, for the purpose of fully illuminating subsurface structures. To investigate the feasibility of acquiring coil data with a large 3D spread, tests were carried out to understand the effect of differing coil radii on noise levels. Intuitively, it can be understood that the smaller the turn radius, the higher the level of turn noise due to higher cross flow past the streamer. But what level of noise can be accepted and removed from the data? Figure 2 illustrates a field test where a streamer vessel sailed in a series of coils with different radii and with noise level plotted on streamer position (Moldoveanu, 2008) . This noise is predominately low frequency and we observe the most noise on the near 1000 to 2000 m of cable due to the higher streamer tension and the fact that the cable motion has a higher crossline component (therefore, higher cross flow) due to vessel pull. With a smaller turn radius, noise level increases and tests indicated that noise below 30 microbars could be effectively removed using a data-dependent noise attenuation strategy that takes full advantage of the finely sampled point-receiver data (Ozbek, 2000; Moldoveanu, 2011) . It can be seen that the 30 microbar noise threshold equates to a 6.5 km turn radius; thus, we have an indicative figure that may be used in planning these types of surveys.
CASE STUDY: THE NORTHWEST TARANAKI SURVEY
In December 2012, acquisition commenced on the NW Taranaki survey offshore New Zealand-a towed-streamer survey covering over 4000 km 2 (see Figure 3) . The survey was located in open acreage where the existing seismic surveys were either 2D lines or small 3D surveys with limited offset coverage. The new survey was intended to provide highquality broadband seismic data and produce high-resolution images of the geological detail, including the previously poorly imaged deep section. The survey was in an operationally difficult area with shallow water, an existing production facility to the south, and a marine reserve to the east. One of the main challenges was to maximise the coverage in the southeast corner where the water depth is less than 50 m.
The minimum operating water depth for the vessel was 30 m, which is shown on the pre-plot map (Figure 4) . The shooting plan was designed so that the turns in the southeast corner of the survey ran up to, and along, the minimum depth contour. It is important to note that, if conventional industry practice had been followed, the vessel would cease recording some distance before the 30 m depth contour was reached and position itself to run-in to the next line. Thus, in a conventional survey, the southern 4-5 km of the survey would not be recorded. Turn radii in this instance were approximately 7 km, which is in excess of the experimental minimum for noise removal. It can also be seen from Figure 4 that the turns are not perfect half circles, but contain a straight E-W section approximately 4 km long. This was included to acquire the survey in two swaths of equal width. rd International Geophysical Conference and Exhibition, 11-14 August 2013 -Melbourne, Australia The streamer spread consisted of 10 x 8000 m cables towed at 100 m separation. Due to very shallow water depths in parts of the survey area, a short near offset was considered essential for effective demultiple processing, and in this case, a 50 m inline near offset was achieved. The sources were dual 5085 in 3 sources fired at 25 m intervals (50 m per array).
In addition to the novel shooting plan, the streamers were towed in a fan configuration with streamer separation increasing from 100 m at the front to 145 m at the rear and with a depth that varied from 8 m at the front to 35 m at the rear. The fan mode was used as a further efficiency gain and to improve fold of coverage, particularly at longer offsets. Even with active streamer control, it was anticipated that feather matching between sail lines would be difficult, especially in the turns, due to strong currents in the area. This technique addresses poor far-offset coverage due to feathering variations (Priasati and Mustafa, 2011) .
The variable depth cable profile is a broadband acquisition technique that when combined with a deghosting workflow, improves the low-frequency content of the data while maintaining the high-frequency content. This process minimizes the effect of the receiver ghosts on the prestack data and so allows us to redatum the cable to a constant depth and process the now deghosted data in a conventional fashion. To complement the deghosted receiver data, the sources used were multilevel. In this type of source, the subarrays are deployed at different levels with an appropriate time delay applied. The characteristics of this type of source are that it produces a notch-free far-field spectrum below 150 Hz (within a 20° cone from the vertical) and increases the low-frequency output below 20 Hz.
There were two main principles that we wished to demonstrate when planning and designing this survey. The first was to show that combining variable depth and a variable separation (fan) streamer configuration with continuous acquisition in turns was feasible. Could the streamer control systems maintain streamer shape while turning under (possibly) strong current conditions? The second was data quality; it is essential that the noise caused by turning the vessel and steering the cables can be removed without affecting the data. The final results should be a high-quality, broadband seismic volume with no appreciable difference between the turn and straight line sections. Streamer shape diagnostics showed that streamer depth and lateral position thresholds were maintained throughout the survey. The depth and fan profiles were maintained, even during the turns, without any significant deviations from the specifications. In addition, it was demonstrated that variable depth cable profiles are not restricted to deep water. As the water depth shallowed to less than 50 m in the southeastern portion of the survey, it was necessary to raise the rear of the cable from the nominal 35 m depth to a shallower depth to maintain a safe distance above the sea floor. The deghosting algorithm adapts to the varying ghost notch using the recorded streamer depth to seamlessly deghost the data.
The stacked data demonstrated our ability to remove the noise and integrate the turn data into the final volume. Figure 5 shows an unmigrated section along one of the sail lines from the survey where the turn section of the line is outlined. This shows that we can effectively remove the turn noise and use these data. The results show that, where appropriate, continuous acquisition can be used to reduce the time to acquire a survey, and at the same time, acquire data that would not otherwise be recorded in shallow water areas. The efficiency gain was approximately 16% when compared to a traditionally acquired survey. In addition, acquiring data in turns is compatible with other streamer steering strategies such as fan and variable depth cable modes.
It was also demonstrated that modern seismic streamers can be used to acquire useable turn data. When noise reduction workflows are used, these data can contribute to the final image with little or no special processing after noise reduction.
Conventional industry practice has been to not record, or discard, data acquired during vessel turns. This was an understandable practice; however, over the past 15 years, advances in streamer control, recording systems, and processing have removed many of the barriers to using these data. Maybe it is time to re-examine how we plan and record towed-streamer surveys.
